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Foreword

The first volume of the history of neurosurgery in World War IT, which
was published in 1958, dealt with the administrative aspects of this specialty
and with the management of head injuries and their residua. This second
(and final) volume in the neurosurgical series deals with injuries and diseases
of the spine and peripheral nerve injuries.

The management of injuries of the spinal cord had been among the more
dismal chapters in the medical history of World War I. The management
of these injuries is, however, among the more brilliant chapters of the medical
history of World War II. The paraplegic program, which is described in
detail in this volume, was, and remains, an example of good medicine and
of perceptive and compassionate care of men who otherwise would have
been bedridden cripples all of their lives if, indeed, they had survived.
Without this program, most of them would probably have died, partly be-
cause of their injuries and partly because they wold have had nothing to
live for. This program, which was instituted in Army hospitals during the
war, was, shortly after the war ended, taken over by the Veterans’ Admin-
istration, in which it has been continued on much the same lines and with
much the same success.

The story of herniated nucleus pulposus (rupture of the intervertebral
disk) in World War II is an example of the flexibility which is possible by
the intelligent application of intelligently conceived administrative regula-
tions. Most of the neurosurgery performed in the first year of United States
participation in the war was for this condition. By the end of the war,
surgery for lesions of the intervertebral disk was confined almost entirely
to those patients whose line of duty was “yes” and who desired the operation.
The reversal of the original policy occurred because it had been found that
few of the men operated on for this condition could be returned to full
military duty. The excellent results achieved by surgery in civilian life
were not being duplicated in military circumstances, chiefly because of the
physical requirements of military duty and because the protection of a locus
minoris resistentine which is possible in civilian life is absolutely impossible
in service. The time and efforts of medical officers and other medical at-
tendants, including physiotherapists, as well as the hospital bed space for-
merly devoted to herniated nucleus pulposus, were therefore wisely diverted
to those who would receive more benefit from them.

It had been expected, from the standpoint of the caseload, that head
injuries would furnish the outstanding neurosurgical problem in World
War II. As events turned out, the heaviest neurosurgical load was furnished
by peripheral nerve injuries.

IX




X NEUROSURGERY

The management of these injuries represented a striking advance over
the methods used in World War I. Primary nerve suture was not attempted,
but, whenever possible, repair was instituted overseas, after debridement and
healing of the soft-tissue wound. The place of repair was not important.
What mattered was the timing. Nerves repaired within the optimum time
period of 21 to 90 days after wounding were restored to functional use-
fulness in countless cases in which the plan of delayed surgery usually
practiced in World War I would have left useless extremities.

The management of peripheral nerve injuries in the specialized neuro-
surgical centers described in the first neurosurgical volume had much to do
with making these successful results possible. This was partly because of
the concentration in the centers of a trained neurosurgical staff and special-
ized equipment. It was also because in these specialized centers there were
immediately available neurologists; orthopedic, plastic, and vascular surgeons;
and other specialists who were needed for the care of the numbers of pa-
tients with peripheral nerve injuries whose wounds required combined
management.

The record of these peripheral nerve injuries has been preserved in the
Peripheral Nerve Registry, which is described in detail in this volume. The
followup of a very large number of these cases is recorded in the volume on
peripheral nerve regeneration published in 1957 as a Veterans’ Administra-
tion monograph. This monograph, of which Dr. Barnes Woodhall, coeditor
of the neurosurgical volumes in the World War II medical history, is also
a coeditor, is probably the most satisfactory followup of wartime injuries
that has ever been accomplished.

Neurosurgery furnished a particularly brilliant chapter of military
medicine in World War II. I should like to repeat here what I stated in
the foreword to the first of the neurosurgical volumes, that the editors of
this volume, Dr. Woodhall and Dr. R. Glen Spurling, and the authors of the
various chapters have added to their wartime service in the Medical Corps
by the time and effort which they have devoted to the preparation of this
permanent record of their work.

S. B. Havys,
Major General,
The Surgeon General.




Preface

The first volume of the history of neurosurgery in World War II,
published in 1958, was devoted to the administrative details without which
military medicine cannot function; the evolution of neurosurgical policies
in their broad aspects; and head trauma, including certain of its immediate
sequelae. This second and final volume of the neurosurgical history of
World War II is concerned with injuries of the spinal cord and peripheral
nerves. A chapter on lesions of the intervertebral disk is included.

Because of the classic work of Harvey Cushing on penetrating wounds
of the brain, the chapters on this subject in the history of the Medical
Department of the U.S. Army in World War I were exceedingly helpful in
setting up the program for the management of head trauma in World War II.
In sharp contrast, the World War I history was of little help to the clinician
in the management of peripheral nerve injuries and injuries of the spinal
cord incurred in combat in the Second World War. It is true that the
invaluable laboratory experiments of Carl Huber on peripheral nerve suture
were printed in full in it, but the clinical sections did little more than dis-
courage the neurosurgeon in his attempt to eliminate or reduce disability
from peripheral nerve injuries. As for major injuries of the spinal cord,
the few paragraphs, devoted to them are merely a depressing statement of
the futility of treatment for these casualties, most of whom, if they did not
die soon after wounding, died soon afterward, within weeks or months.

The most dramatic achievement of the entire neurosurgical program
in World War II was undoubtedly the new chapter which was written in
the management of paraplegia. Maj. Gen. Norman T. Kirk, USA (Ret.),
The Surgeon (General of the Army when this program was put into effect,
has this to say of what was accomplished in this program:

This was a splendidly conceived program. Many new things were accomplished for
the paraplegic which had never been accomplished before in either military or civilian
medicine. Until this program was adopted, his life expectancy was measured in months,
chiefly because of ascending urinary tract infection and the loss of vital pints of blood
serum which leaked from decubitus ulcers, As paraplegics lost appetite, weight, and
strength, they also became susceptible to other infections.

All of this was changed by the paraplegic program, in which neurosurgeons, urolo-
gists, internists, orthopedic surgeons, plastic surgeons, nurses and ward attendants, dieti-
tinns, and physiotherapists worked as a team with a single-minded purpose and objec-
tive. Urinary tract infection was controlled. Automatic bladder function was established.
RBedsores were closed surgically, so that blood serum losses were ended. Plastic surgery
was algo emploved as necessary. Under an improved dietary regimen, the patients
miined weight and strength. With the help of orthopedic surgeons and physical thera-
pists, many of them became ambulatory.
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There would be little disagreement with General Kirk’s concluding
statement, that more was achieved for the paraplegic in World War II, in
comparison with his status in previous wars, than for any other type of
casualty.

In the early months of the war, the methods of management of the
intervertebral disk were carried over from accepted civilian practices which
had been developed in this relatively new entity before World War II. The
only new concept which arose from the Army experience was the futility
of attempting to rehabilitate most of these patients for field duty by any
means at our disposal.

Between the two World Wars, injuries to major peripheral nerve trunks
had been handled by orthopedic and industrial surgeons as well as by
neurosurgeons. These injuries are relatively uncommon, however, and, be-
cause of the scarcity of material, very few important clinical studies, and
even fewer important experimental studies, had been concerned with their
diagnosis, treatment, and prognosis.

When the United States entered World War II, it was fully realized
that large numbers of peripheral nerve injuries would be encountered. Re-
ports from various sources had indicated the frequency of these injuries in
the experience of other belligerents during the first years of the war. Our
British colleagues, however, were the only ones who had laid down a
definite policy of management for them, and they had selected orthopedic
surgeons to do the job.

One of the first medicomilitary questions which Maj. Gen. James C.
Magee, USA (Ret.), then The Surgeon General of the Army, had to decide
was who should be responsible for these injuries in the U.S. Army. With
the advice and concurrence of his chief consultant in surgery, the late Brig.
Gen. Fred W. Rankin, it was decided to make the management of peripheral
nerve injuries a part of the neurosurgical program.

There were two compelling reasons for this decision. The first was that,
when the United States entered World War II, it had a more abundant
supply of trained neurosurgeons than any other country in the world. The
second reason, which proved eminently sound, was that orthopedic surgeons
would be so busily engaged in the treatment of enormous numbers of cas-
ualties with bone and joint injuries that they would have little time for
setting up an effective program in another field, particularly as the planned
program for peripheral nerve injuries envisaged not only the management
of peripheral nerve trauma but also preparations for a longtime study of
these injuries once the conflict had ended.

Throughout this second volume on neurosurgery in World War II, the
reader will encounter many references to the Peripheral Nerve Registry set
up in the Office of the Surgeon General in November 1944. It is ironical
to record that the 5-year study of peripheral nerve regeneration after
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repair,! which was the outgrowth of this Registry, should have been com-
pleted and published before the volume of the World War II history which
tells the story of how the Registry came into being. The readers of this
second neurosurgical volume are urged to consult this monograph on nerve
regeneration. The two books, in a sense, complement each other, and to read
only one of them and ignore the other would leave the story of peripheral
nerve injuries in World War II only half told.

As in the first volume of the neurosurgical series, we wish to acknowledge
our debt of gratitude to the authors of the various chapters of this volume.
They produced them, often at a great sacrifice of time and energy, im-
mediately after their separation from service. There is no better proof of
their devotion to duty than that, when the project was revived 10 years
later, they again gave freely of their time and effort to revise and correct
their manuscripts and thus help to produce this volume.

R. GrLEN SrurniNg, M.D.
Bar~xes Woopnaryn, M.D.

1 Woodhall, Barnes, and Beebe, Gilbert W. (editors) : Peripheral Nerve Regeneration. A Follow-
up Study of 3,656 World War II Injuries. Washington: U.S. Government Printing Office, 1957.
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Part I

INJURIES OF THE SPINAL CORD




CHAPTER 1

Historical Note
Barnes Woodhall, M.D.

The policies employed in injuries of the spine and the results secured
by them in World War I require no extended discussion. Only a few pages
were devoted to them in the official history of World War 1,! and the section
dealing with their management in forward hospitals dismisses them in a
single paragraph, as follows:

SPINAL CASES

These did very badly throughout, as was anticipated. Most of them were immedi-
ately evacuated to base hospitals and fully 80 percent died in the first few weeks in
consequence of infection from bed sores and catheterization. The conditions were such,
owing to pressure of work, as to make it almost impossible to give these unfortunate
men the care their condition required. No water beds were available, and each case
demands the almost undivided attention of a nurse trained in the care of paralytics.
Only those cases survived in which the spinal lesion was a partial one,

Wounds of the bony spine were classified into (1) those without per-
foration of the dura or injury to the cord, (2) those without perforation of
the dura but with injury to the cord, (3) those with perforation of the
dura and injury to the cord, and (4) those with injury to the cord without
external wounds (spinal concussion). Surgery was never considered for
spinal concussion, and spinal lesions in which a transverse injury was sus-
pected were also considered inoperable if they were complicated by serious
wounds of the chest and abdomen.

The results of spinal injuries were described as extremely discouraging
and the mortality as very high. In one series of 32 cases reported by Col.
Harvey Cushing, MC, 8 were inoperable and there were 23 deaths (71.8 per-
cent). Of the 24 patients operated on, 15 died (62.5 percent). All of these
patients were cared for in forward areas, and the followup was inadequate
because casualties with spinal cord injuries were evacuated promptly if they
were regarded as at all transportable. The implication is that more deaths
probably occurred in rear areas. Suture of the cord was stated to be “a vain
and harmful procedure, ns the added handling produces more injury. An
injured cord can be cleansed, but not restored.”

1 (1) Cushing, Harvey: Organization and Actlivities of the Neurological Service, American
Expeditionary Forces. In The Medical Department of the United States Army in the World War.
Washington: Government Printing Office, 1027, vol. XI, pt. 1, pp. 740-758. (2) Haneon, Adolph
M.: Management of Qunahot Wounds of the Head and Neck in Forward Hospitals, A E.F. In The

Medical Department of the United States Army in the World War. Washington: Government
Printing Office, 1027, vol. XI, pt. 1, pp. 776-704,
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4 NEUROSURGERY

The management of the bladder was never made a subject of specific
instructions, and it was never decided whether intermittent catheterization
or merely allowing the bladder to fill and overflow by dribbling was the
better policy. The principal objective was to avoid infection, and from this
standpoint there was something to be said for each of these plans. On the
whole, the “let alone™ policy was most favored in evacuation hospitals.

The sad record of spinal cord injuries in World War I can best be
summed up in a paragraph from the official history which reads as follows:

* * * Many of these cases undoubtedly died soon after their evacuation to the rear.
It was rather common to have men with spinal cord injuries arrive dead or dying.
Injuries of the spine, perhaps, formed a much larger group than those computed from
hospital records would lead one to think, as the serious wounds involving the chest and
ahdomen in which death occurred at the front, were undoubtedly in many instances,
complicated by spinal injuries.




CHAPTER 11

The Zone of Interior

Barnes Woodhall, M.D.

EVOLUTION OF POLICIES

Although during the prewar years civilian neurosurgeons had had some
hopeful experiences in the treatment of paraplegia, it is lamentably true
that, during the early months of World War II, both casualties arriving
from overseas and those who had suffered their injuries in the Zone of
Interior had very little encouragement offered them. Two factors were re-
sponsible. The first was the feeling of hopelessness inherited from World
War I. The second was the administrative policy that these patients should
be passed through the Army general hospital system as rapidly as possible
and then discharged to the VA (Veterans’ Administration) as inevitable
casualties of the war. There was a strong feeling among some of the officers
who had recently entered the Medical Corps from civilian practice that this
admission of failure was not justified. It is significant that the changes
which eventually produced one of the most striking advances in medical
history were instigated by Col. (later Brig. Gen.) Fred W. Rankin, MC,
Chief Consultant in Surgery, Office of the Surgeon General.

The recommendations which General Rankin made to The Surgeon
General concerning the care of paraplegics were formally implemented in
Circular No. 25, Headquarters, Army Service Forces, 22 January 1945 (app.
A, p. 587). This circular specified (1) that paraplegic casualties should be
retained in the Army general hospital system until maximum benefit had
been achieved (p. 13), and (2) that they should not be transferred to the
jurisdiction of the VA until their progress appeared to have leveled off and
until it was unlikely that further substantial improvement would occur.

TB MED (War Department Technical Bulletin) 162 (app. B, p. 589)
was issued in May 1945, after the neurosurgical centers designated for the
care of paraplegics had assumed their responsibilities and had begun to
assemble the diverse professional talent necessary for the management of
these patients. The bulletin covered all phases of the new program. Its
objectives were outlined in the first paragraph. After the warning that a
defeatist attitude was intolerable in the care of patients with transverse
myelitis, it was pointed out that the majority of these men could lead a
wheelchair existence, at least; that many of them could be taught to walk

H]




6 NEUROSURGERY

with braces and crutches; and that practically all of them could achieve
self-support by means of some sedentary occupation, which should be re-
garded as the ultimate objective of all rehabilitation. It was further em-
phasized that it was the mission of general hospitals in the Zone of Interior
to effect, before the final discharge of a paraplegic, a degree of rehabilitation
for him “essential for the preservation of morale and human dignity.”
The major problems encountered in the management of patients with
traumatic paraplegia included the prevention of decubitus ulcers, the main-
tenance of a satisfactory nutritional status, the control of neurologic com-
plications, the establishment of bladder function, and, as has just been
described, the achievement of rehabilitation, a term which covered a variety
of objectives. The management of these problems and the techniques of the
new program are described elsewhere in this volume (p. 127). They were all
at Newton D. Baker General Hospital, Martinsburg, W. Va,, on 11-12 May
1945; at Hammond General Hospital, Modesto, Calif., on 24-25 June 1945:
and at Halloran General Hospital, Staten Island, N.Y., and Thomas M.
England General Hospital, Atlantic City, N.J., on 19-20 October 1945.

PERSONNEL

Organization.—An efficiently operated paraplegic program required the
support of practically every section in the hospital. More important, how-
ever, than securing the formal support of the various services was securing
the understanding help and cooperation of everyone associated with the
patients in any way at all and particularly those in constant, intimate
association with them.

At the inception of the program in each hospital, it was found useful
to assemble the ward personnel, including nurses, nurses’ aides, wardmasters,
and ward attendants, and explain to them in detail the objectives and tech-
niques of the program. The explanations covered the methods employed in
the restoration of bladder and bowel function, the care of decubitus ulcers,
the importance of adequate nutrition, and the other clinical responsibilities
which ward personnel must assume. The explanation also included the
mental and somatic approach to these patients and the extreme importance
of the psychologic encouragement which those who cared for them could
best supply.

Conferences between ward officers and ward personnel were held there-
after at regular intervals as well as when special problems arose. All per-
sonnel were made to feel that suggestions were welcome. Initiative was thus
fostered, and many helpful changes in treatment or additions to the regular
ward routines were introduced in this way.

Selection and training.—Unfortunately, trained personnel were always
in short supply. At an occasional hospital, as Col. Loyal Davis, MC, men-
tioned in a survey of paraplegic centers which he made early in 1945,
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medical officers, physical therapists, nurses, orderlies, and social service per-
sonnel were so numerous that “there was an average of 1 such person for
each patient throughout the 24 hours.”

This was not generally true. For one thing, personnel assigned to the
care of paraplegic patients had to be of a very special type. For another,
as all chiefs of services lamented, constant changes of personnel could undo
a program which had been carefully planned and in which there had been
every reason to anticipate success. As Col. Russel H. Patterson, MC, said
in discussing this phase of the program at the Hammond conference on
transverse myelitis in June 1945—

One group of corpsmen is uninterested in this type of patient and would rather not
take care of them. Another mixed group is untrained and it would take too long to
train them to be the Kind of attendants who should be assigned to this job. You cannot
take corpsmen who have been field sergeants at Guadalcanal and Okinawa and put them
on a ward to take care of any sick patient, let alone paraplegics. They don't fit. Also
if you have a corporal who does wonderful work with these cases supervised by a top
sergeant who knows nothing about them, this tends to break morale.

The same thoughts were expressed by other chiefs of paraplegic services
at. this conference and at others. There was general agreement that the
professional and nonprofessional personnel assigned to these wards must be
a select group, intelligent, well trained, and, above all, enthusiastic and in-
terested. At the Hammond conference, there was serious discussion of the
possible necessity of establishing a school at some one of the paraplegic
ceniers for the training of personnel for this special work.

As Lt. Col. (later Col.) Ambrose H. Storck, MC, saw the problem, it
was one that would continue for many years. Work with these patients
could be done only by physicians who were genuinely interested and who
were willing to devote years of their lives to it. Even the reconditioning
and physical therapy requirements of this group differed from those of
“run-of-the-mill, short-term, less serious cases.” Educational and vocational
planning and training must be on a long-term basis.

The end of the war in the Pacific and the transfer of paraplegic pa-
tients to the VA within the following months (p. 13) relieved the Army of
the responsibility for these patients. Otherwise, the increasing necessities of
the paraplegic program would probably have required the setting up of
such a training center as had been proposed and the recruitment of a greatly
increased number of personnel with special qualifications to staff the centers.

The efficient use of personnel required that nurses, nurses’ aides, aidmen,
and civilian personnel must not only understand the program and its pur-
poses but also must understand their own duties. When WAC’s were first
assigned to the program in early 1945, they served competently, but in the
beginning there was considerable confusion because their duties and their
hours of work were not clearly specified by regulations. As Colonel Patter-
son said at the Hammond conference—

* * * * * * *
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When WAC's began to replace corpsmen, the question arose as to how long they were
to work. The answer was 8 hours, the same as nurses. When you mentioned it to the
top sergeant, he said 12 hours, the same as corpsmen. It was some time before we got
all of this straight at Bushnell. Paraplegic wards are complicated, and things like this
cannot be left to chance.

Colonel Patterson, as well as others, also mentioned the effect on military
morale of the wages paid to civilian employees, sometimes more than twice
as much as WAC's and aidmen were receiving. Also under discussion was
the effect. of blanket promotions of newly assigned personnel on individuals
who had given long and faithful service and who did not receive promotions.

In spite of the personnel difficulties which beset the paraplegic program
throughout the war and, indeed, as long as the Army was responsible for
it, the care which these patients received was of the highest type. It was
not only technically competent. It was also truly devoted.

SUPPLIES AND EQUIPMENT

Supplies in paraplegic centers were sometimes slow in arriving, but, on
the whole, they were excellent, efficient, and adequate. Because of the special
necessities of these patients, many of the items required for their care were
not in the supply catalog and had to be purchased as nonstandard items.
How rapidly the supplies could be secured depended chiefly upon the under-
standing and cooperation of the hospital commanders, most of whom were
sympathetic and helpful. In a surprising number of cases, lack of formal
equipment and temporary shortages were overcome by the ingenuity of pro-
fessional and nonprofessional personnel, who devised ingenious substitutes.

To the end of the war, there was no general agreement on the type of
bed best for paraplegics. A hard bed, a bed with inner springs, and an air
mattress were all used with varying degrees of success.

Air conditioning was almost essential in the management of paraplegics
but was difficult to accomplish during wartime conditions. In May 1945,
General Rankin called this fact to the attention of the director of the Hos-
pital Division, Office of the Surgeon General, and recommended that steps
be taken at once to provide it for the 20 paraplegic centers then in operation.
If this was impossible, he recommended that separate units be installed in
the paraplegic wards. If air conditioning could not be accomplished im-
mediately by a general system or by local units, he recommended that first
priority be given to hospitals located in portions of the country in which
the summers were uncomfortably warm. As the result of this recommenda-
tion, air conditioning was installed in the paraplegic ward of Newton D).
Baker (ieneral Hospital and certain other centers.

SURVEYS OF PARAPLEGIC CENTERS

Visits to the various paraplegic centers by the Consultant in Neuro-
surgery, Office of the Surgeon (General, revealed conditions ranging from
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good to superb. No neurosurgical condition encountered in World War II
was handled with more technical competence, skill, and understanding than
paraplegia, as is shown by the following (summarized) reports, which are
entirely typical.

Newton D. Baker General Hospital

A visit to Newton D. Baker General Hospital in September 1945 showed
that the physical environment for the care of paraplegics was almost ideal.
The ward, which was without partitions, was air conditioned. There were
special wards for officers and a number of small rooms in which seriously
ill patients could be cared for. The beds were arranged around the periphery
of the ward in colony style (fig. 1). All were equipped with Balkan frames
and exercise bars. There were specially constructed bedside tables for the
patients’ personal belongings. Wheelchairs and walkers were in generous
supply, so that the patients could be kept out of bed for large parts of the
day (fig. 2). Ward officers had their own office. The treatment rooms were
well equipped with the special equipment necessary for paraplegics. Ex-
cellent diets were served attractively from a well-equipped kitchen.

In addition to the urologic problems, all competently handled by Capt.
(later Maj.) Boris P. Petroff, MC, chief of the urologic service, there were
three other main problems, as follows:

1. Decubitus ulcers.—Initial attempts at secondary closure of these ulcers
had been so successful that a plastic surgeon, Capt. (later Maj.) Donald E.
Barker, MC, was assigned to assist in the management of these cases. At
the time of the inspection, every ulcer had been closed by secondary suture,
by rotation of skin flaps, or by skin grafts. This was a monumental accom-
plishment. The protein deficit which played such an important part in
decubitus ulcers was fully appreciated, and dietetic and other measures were
entirely adequate.

2. Control of pain.—In many cases, this was a problem which was hard
to overcome. The chief measures employed were removal of retained foreign
bodies, excision of scar tissue from lesions in the cauda equina, and spino-
thalamic cordotomy.

3. Control of spastic reflexes.—These were attacked by all known meth-
ods, including nerve crushing, the administration of curare in a few cases,
and in three instances, anterior rhizotomy.

McCaw General Hospital

When the paraplegic center at McCaw General Hospital, Walla Walla,
Wash., was visited in September 1945, there were approximately 50 patients
in it, about 45 of whom had been treated by laminectomy overseas. The
ward setup was excellent, and practically all the equipment necessary for
the competent management of these patients had been provided, including
a full supply of Stryker frames. The only real lack was a swimming pool.
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Frovege 10 Colony type of paorapleciie ward equippesl with Balkan

frathes aned exercise bars and tvpical of wards inoall World War 11

patritplegia centers,

Mo=t of the patients had had extensive decubitus wleers on thenr aorrival,
and many of the lestions had presented real problems of manacement. Treat-
ment had consisted of elevimion on the Stevker frame. the application of
zine peroxide, and the usual general measures. including a0 high-protein
component in the diet. Surgery was resorted 1o as indieated. The possi-
bility of a secondary breakdown after the healing of extensive lesions was
fully appreciated, and. when healing had oceurred spontaneconzlv, it was the
rule 1o excise sears and perform =liding or undermining operations, to pro-
vide soft-tissue coverage for hony prominences, The stamp tvpe of Thiersch's
graft proved most satisfactory for this purpose,

Pain and spasm were usually controlled by seandard neasnres, bt
curare in various preparations had heen used inoseven easesoinoall of which
spaste was partienlarly troublesome,  Relief was of varving duration. In
one mstance it had Tasted Tor 72 hours. Fven when it lasted no longer than
6 or T hours, however, this interval provided an opportunity for physical
therapye which could not be emploved when spasticity was continnons, .\t
tempts to develop an ol solution or a suspension. in order to prolonge the
action ol the enrare, had not been successful. - The best response to this
measure wias observed in patients who had the most pain associated  with
spasm. Inoone or rwo cases i which the dosage of curare had not been
suflicient to relax ~pastn notablv, the relief of pain was quite pronounced,

With the enthusiastic cooperation of the orthopedic serviee, ambalation
Wits :|«'1'ulll|»|i~||w| momost 'i:l'il‘lll.\. Braces were fined as necessary, Mass
sports. which were part of the reconditioning program. provided wholesome

recrention.
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Frevge 2. Wheechair mess for paraplegic patients in advanced
recotditioning gronp.

At this paraplegie center, there was a particularly praiseworthy attempt
to train the patients for future fife. .\ number undertook courses at
Whitman College, Walla Walla, Wash., which was adjacent to the hospital,
or continued their previous scholastic teaining there.  One soldier who had
been taking law before he entered the Army vesnmed his legal training.
Occupational therapy was directed to practieal ends. Tt ineluded typing.
wateh repairing, key making, and other useful occupations.

As oat all eenters, the warm interest of the medical oflicers and other
personnel in their patients had mueh to do with this highly sueccessful
program.

CAUSES OF DEATH

In spite of the serious condition of many paraplegies, fatalities in
paraplegic centers were remarkably few,  Most of them were artributable 1o
urinary tract infeetion or its complications.

The report of six necropsies at the paraplegic center at Nichols General
[ospital, Lowsville, Ky, by Capt. (later Maj.) Henry Rappaports MC,may
he assumed to be typical.  In these <ix eases, infection of the urinary tract
or complications of the infection were responsible for five of the deaths,
In the sixth ease. death was caused by complications of a deep sacral de-
cubitus uleer.

There was a certain common pattern in these six cases, A1l the patients
were extremely emaciated, N1 had severe secondary anemia.  Fvery post
mortem examination revealed a type of inflimmation which had spread by
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direct extension, without respect for such anatomic barriers as fascia, peri-
osteum, or the serosal membranes or the capsules of viscera. The appearance
of the inflammation strongly suggested a pronounced decrease of general
and local resistance to infection. The lack of resistance was further evidenced
by the type of organisms found in three cases, in which pure cultures of
gram-negative bacilli were recovered from blood taken at autopsy. The
same organisms were also found in the local lesions. In spite of the usual
low pathogenicity of the organisms of the coli-aerogenes group, these or-
ganisms were apparently able to cause continued suppuration and septicemia
in these debilitated patients.

Previous studies had shown that resistance to infection is considerably
decreased in hypoproteinemia and that, once infection develops, the re-
generation of blood protein is much more difficult. In all of these fatal
cases, anorexia was pronounced, and the food intake was entirely inadequate.
Captain Rappaport therefore suggested that the type of inflammation found
in these necropsies was chiefly due to lack of resistance, particularly lack of
tissue resistance, caused by severe protein depletion of the tissues. He cited
the work of Elman and others to the effect that the reduction of tissue
protein is always more severe than is indicated by the plasma protein
values (p. 147).

The findings in these six cases suggested a causal relation between the
degree of protein deficiency and the extent and severity of the inflammatory
process. Captain Rappaport’s suggestion was that a vicious circle was thus
established, whereby hypoproteinemia decreases resistance to infection, and,
once infection develops, the regeneration of body proteins becomes more
difficult, and a fatality may result.!

1 Editor's Note: Dr. Harry Kessler wrote an article entitled “Traumatic Paraplegia, Rationale
of Therapy” which was published in the Annals of Internal Medicine, volume 40, pp. 905-923, May
1954. According to Kessler, writing from the central office of the VA in Washington, D.C., 2,949
patients with traumatic paraplegia (including quadriplegics) were admitted to hospitals of the
VA system between 1 Jan. 1946 and 31 Dec. 1950. In this group, there were 226 deaths; 102
occurred in 1946, 31 in 1947, 46 in 1948, 24 in 1949, and 23 in 1950. It was cautiously concluded
that after the first year of his disability, the paraplegic, having come safely through the initial
period of apinal shock, has a better chance for survival. This report does not specify causes of
death, but Kessler was impressed with the frequency with which renal insufficlency appeared as
a precursor of the fatality. The extensive amyloldoais also apparent in some of these fatal cases
was not surprising, since the life of the paraplegic is punctuated by recurrent bouts of infection
and malnutrition.

Later (In September 1955), a survey was made of the 5,743 patients treated in VA hospitals
between 1 Jan. 1946 and 30 Sept. 1955 for traumatic injury of the spine resulting in paraplegia
or quadriplegia. It revealed that 590 paraplegic and 212 quadriplegic patients had died at some
time after their first episode of treatment in these hospitals.

When the survival experience was studied in relation to age, taking into consideration the time
elapsed between injury and the beginning of treatment in a VA hospital, it was found that the age
at the time of injury was an extremely important factor. Younger patients, whether their injuries
caused paraplegia or quadriplegia., had a better chance of survival. As might have been expected,
the paraplegic patient was found. in general, to have a better chance of survival than the quadri-
plegic. It was Interesting to observe, however, that quadriplegics with partial lesions who were
under 25 years of age at the time of Injury had about the same survival experience as the para-
plegic with a partial leslon in the same age group. The 10-yeur survival experience of both para-
plegics and quadriplegics showed a decrease in the percentage of survivors as the age of the patients
increased.

It 1s still not possible to determine whether the paraplegic or quadriplegic patient has a differ-
ent mortality experience from that of the nonparaplegic veteran of similar age, but, by use of the
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TRANSFER OF THE PARAPLEGIC PROGRAM TO THE
VETERANS’ ADMINISTRATION

Early Planning—1945

The policy set up in World War II that no patients should be discharged
from Army hospitals to the care of the VA until they had received maximum
hospitalization benefits introduced difficulties of interpretation in a number
of conditions, one of which was transverse myelitis. Army Service Forces
Circular No. 25, 22 January 1945 (app. A, p. 587) attempted to clarify the
requirement, as follows:

1. Wounds and pressure sores should be completely healed and no
further surgery should be anticipated.

2. Every attempt should have been made to establish an automatic
bladder, eliminate bladder infection, and establish satisfactory bowel function.

3. Every effort should have been made to achieve restoration of muscular
function in lower extremities by physical therapy, braces, crutches, and other
devices such as walkers.

4. Patients should be discharged to the jurisdiction of the VA only when
these requirements had been met as far as possible, when progress had leveled
off, and when no further substantial improvement could be anticipated.

On a number of occasions during the first part of 1945, The Surgeon
General further clarified the interpretation of maximum hospital benefits
by stating that patients with paraplegia who gave any promise of continuing
improvement should be retained in Army hospitals until no further substan-
tial improvement could be expected.

At the paraplegic conferences held while the war was in progress, there
was considerable discussion about the future management of these patients.
Many of the medical officers who were caring for them envisaged paraplegic
centers especially built as well as especially equipped and staffed. The
discussions covered the location (in a temperate climate, within reasonable
proximity to an industrial center as well as near medical and educational
facilities) ; the type of building (one story, close to the ground or with
adequate elevators); specialized professional personnel (in neurosurgery,
urologic and orthopedic surgery, general surgery, and internal medicine);
other personnel (in sufficient numbers and qualitatively recruited); physical

1949-51 life tables for the white male population of the United Stater, certain observations were
possible. The differential mortality increased with advancing age. For example, for every 100
study patients under 25 years of age at the onset of the injury, 84 percent survived for 10 years,
as contrasted to an estimate of 98 percent for the general population of comparable age. The
differential, or added, risk of death is therefore 14 percent at the end of 10 years. This differential
was found to be 18 percent for paraplegics in the 25- te 34-year group, 24 percent in the next
decade, and 40 percent in the 45- to 539-year group. The mortality experience for quadriplegics was
rimilar except that the differentinls were larger than those observed for paraplegics.

The VA has under consideration the preparation of n book covering all aspects of spinal cord
injury. Such a volume would be a fitting complement to the wartime experience, emanating, as it
would, from hospitals which have acgquired a significant experience in the handling of patients with
this disability.—B. W.
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reconditioning (requiring special personnel, special facilities, and brace-
shops) ; and research. The clue to the successful operation of such a center
would be its personnel, persons with interest in, and appreciation of, the
problems of the paraplegic, centering from the sympathetic, imaginative, and
understanding direction of the commanding officer.

By V-J Day, it had become clear that paraplegics then in Army hos-
pitals were to become the responsibility of the VA. Numerous conferences
were held, participated in by the neurosurgical consultants, representatives
of the Hospital Division and other divisions of the Office of the Surgeon
General, and representatives of the VA.

At a conference of surgeons of the service commands on 27-29 September
1945, which was also attended by Maj. Gen. Paul R. Hawley, USA (ret.),
newly appointed medical director of the VA, it was agreed that an effort
would be made to concentrate all paraplegic patients into five Army hos-
pitals and that the VA would take over these hospitals, thus insuring that
there would be no break in the operation of the program.

The hospitals selected (Birmingham General Hospital, Van Nuys, Calif.,
Vaughan General Hospital, Hines, Ill., Cushing General Hospital, Framing-
ham, Mass., McGuire General Hospital, Richmond, Va., and Kennedy General
Hospital, Memphis, Tenn.) were all near large cities in various sections of the
country, which would guarantee a continuance of the same high type of
medical care and the same industrial and educational facilities which the
paraplegic program had previously offered. The plan was that, as the
hospitals in which they were then being cared for closed, the patients would
be placed in the hospitals nearest their homes. All of the details of this
planning appeared in Circular No. 440, Headquarters, Army Service Forces,
10 December 1945, which also contained a very detailed account of the
purposes and techniques of the paraplegic program.

Survey of Paraplegic Patients

On 10 December 1945, the Office of the Adjutant General, Headquarters,
Army Service Forces, issued instructions to the 19 general hospitals in the
Zone of Interior in which paraplegic patients were then concentrated for
a survey and comprehensive evaluation of these patients.? A detailed ques-
tionnaire was attached, to be filled in for each patient hospitalized as of
15 December 1945. The survey was carried out by the Surgical and Neuro-
psychiatric Consultants Divisions, the Medical Statistics Division, and the
Resources Analysis Division, Office of the Surgeon General.

The reasons stated for the survey were as follows:

1. The cessation of hostilities presaged a reduction and consolidation in
the Army hospitalization system.

2 Memorandum, Maj. Gen. Edward F. Witsell, Acting The Adjutant General. to commanding
officers of general hospitals designated asx neurosurgical centers, 10 Dec. 1045, subject: Survey of
Paraplegia Patients.
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2. An effective demobilization program had to take into consideration
the requirements not only of the Army but also of the VA.

3. The exceptional success of the Army paraplegic program made it
essential to continue it with minimum disturbance, although there was full
recognition that the care of chronically ill patients was a responsibility of
the VA,

4. In spite of the great success of the Army in caring for paraplegic
patients, it was recognized that the long-term program could be further
improved if additional information could be obtained concerning the present
and prospective status of those who were still hospitalized.

Data secured.—Questionnaires were returned from 17 of the 19 paraplegic
centers to which they were sent. DeWitt General Hospital, Auburn, Calif.,
and McCaw Geners! Hospital, which were on the point of closing, did not
participate in the survey. As of 15 December 1945, the date set for the
study, there were approximately 1,500 paraplegics in Army hospitals. The
smallest number of patients (5) were in Letterman General Hospital, San
Francisco, Calif., and the largest number (139) in Kennedy General Hos-
pital. There were more than 100 paraplegics in each of six other hospitals.

On 5 February 1946, a summarized report of the survey® produced
the following information and predictions:

As of 15 December 1945, 63 paraplegics had reached maximum improve-
ment. Four of these would have to continue to receive institutional care,
but 41 could be discharged to their own care and 18 to their homes if they
could be cared for in them.

Exclusive of these 63 patients and 27 others for whom classification was
not. possible, 1,389 had not yet reached maximum improvement (table 1).
Of this number, it was expected that 739 (more than 50 percent), would
have reached maximum improvement by 30 June 1946 and 512 others by
the end of the year. This left 138 patients (10 percent), who would not
reach maximum improvement until after 31 December 1946.

Of the 1,389 paraplegics still to receive maximum improvement, 440
(about. 30 percent), could be discharged to their own care, and 949 would
require continued care indefinitely. About two-thirds of this group could
receive such care in their homes if it could be provided; 348 would always
require hospitalization.

On the assumption that the VA could accept all the patients transferred
to it, there would remain, as of 1 July 1946, 650 paraplegics in Army hos-
pitals. If the VA could not accept any patients, there would remain under
Army care 715 patients if only those requiring institutional care were con-
sidered and almost 1,000 if those who required continued care indefinitely
were taken into account.

At the time of the survey, 55 percent of the patients were classified
as completely paralyzed. Medical officers were uncertain about the degree

3 Memorandum for Maj. Gen. Raymond W. Bliss from Eli Ginzberg, Director, Resources Analysis
Divixion, Office of the Surgeon General, 5 Feb. 1948, subject: Paraplegic Patients.
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TasLE 1.—Report on status and probable disposition of paraplegia palients remaining as of
15 December 1945

Will require continued care
indefinitely
Status Total Discharge
toown care Can be Wil re-
Total discharged | main for
to home institu-
tional care
Patients who have achieved maximum
improvement '___________________.____ 290 41 22 18 4
Patients who require further surgery or
therapy. .. ... ... 1, 389 440 949 601 348
Total - oo 21, 479 481 971 619 352
Estimated time of maximum improvement:
Prior to 31 Dec. 1945_ _ . ___.________ 35 5 30 0 30
1 Jan. 1946-31 Mar. 1946___________. 231 133 98 41 57
1 Apr. 1946-30 June 1946..___ .. _ . __. 473 191 282 208 74
1 July 1946-30 Sept. 1946_ . ______. . 356 48 308 230 78
1 Oct. 1946-31 Dec, 1946__ . ____.____. 156 43 113 66 47
After 31 Dec. 1946_._ ____________.___ 138 20 118 56 62

1 As defined in sec. II, Army Service Forces Circular No. 25, 22 Jan. 1945.
? Includes 27 patients not classifled.

of ambulation likely to be achieved by the total group but ventured the
opinion that about 4 of every 10 men would be permanently nonambulatory.
They were willing to estimate that 71 percent of the entire group would have
full use of their remaining extremities and that about 16 percent would
have partial use of them.

It was estimated that approximately a quarter of the patients would
have a work tolerance of 6 hours daily or less, that an additional 25 percent
could work 6 to 8 hours, that about a third could work more than 8 hours but
less than 12 hours, and that about a sixth would have work tolerances
ranging to 13 or more hours per day. On the other hand, only 38 percent
of the completely paralyzed patients would have a work tolerance in excess
of 8 hours, compared to 63 percent of the incompletely paralyzed group.

Of the 1,399 patients for whom detailed questionnaires were returned,
it was estimated that 472 could probably be discharged to their own care,
612 to their homes if care could be provided in them, and 293 to institutions.
In 22 cases, no prognosis was possible.

Apparently medical officers took into consideration the ability of the
family to care for the patient when predicting the final disposition of these
men, although it was not the sole consideration. It was recommended that
90 patients whose families could not care for them should be discharged to
home care or their own care, the disposition probably being predicated on the
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professional conviction that, from the emotional standpoint, these patients
would do better at home. Smaller percentages of the euphoric and depressed
groups would be discharged to their own care.

A higher percentage of less well educated patients would probably be
institutionalized. This fact, it was thought, might indicate a greater degree
of adaptability on the part of those with more education or merely the
superior economic status of the family, which was, of course, correlated with
the amount of schooling the patients had received. Only a small percentage
of students were likely to be hospitalized, while the farmer and clerk groups
would have a higher than average percentage in this category.

Fifty-seven percent of the families stated that they could care for the
patients; fourteen percent could not. In the remaining cases, this possibility
had either not been investigated or was not specified. Fourteen percent of
the patients had had no visits from their families during their hospitalization
and had not visited them; 18 percent had less than one visit per month,
23 percent one or two visits, and 27 percent four visits or more. In 14 per-
cent, the number of visits was not specified, and in 2 percent there was no
information on this point. In 2 percent of the cases, the patients had gone
home on furlough but had had no visits from their families.

There was no correlation between the ability of the family to care for
the patient and the number of visits paid him per month; it was thought
reasonable to expect more frequent visits on the part of the wealthier families.

Later Preparations for Transfer of Patients—1946

Plans for necessary alterations of the five proposed paraplegic centers
to be transferred to the VA were drawn up by the Hospital Construction
Branch, Office of the Surgeon General. The necessary physical changes in-
cluded air conditioning, covered passages between buildings, numerous ramped
exits, and other special construction required for the care of paraplegics with
their peculiar needs. These plans were reviewed and approved by repre-
sentatives of the VA.

The problem of personnel loomed large from the first. In January
1946, The Surgeon General had pointed out to General Hawley that it was
imperative that the paraplegic program continue without interruption and
that the transfer in status from Army to VA control be accomplished with
the least possible difficulty. He suggested that representatives from the VA
visit the hospitals to be transferred, with the idea of studying the treatment
programs and recruiting necessary civilian personnel. IHe also suggested
that it would be highly desirable that the transfer be accomplished grad-
ually, so that, as the Army patient load declined, the VA might take over
certain wards and buildings progressively, building up its staff as the trans-
fers continued and eventually assuming operation of the entire hospital.

As the result of this suggestion, The Adjutant General, in February
1946, authorized the placing of VA personnel in Army hospitals which were
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closing and also authorized the gradual transfer of portions of the hospital
as The Surgeon General had directed. Arrangements were made for feeding
of VA patients by Army messes during the phasing-out periods.

In March 1946, after it became evident that the civilian personnel em-
ployed by the VA did not fully understand the nature and techniques of the
paraplegic program, a number of officers and enlistedd men from the Sixth
Service Command were detailed to the paraplegic center at Vaughan General
Hospital to assist VA personnel until civilians could take over the program
entirely. Similar arrangements were made in the Third Service Command at
McGuire General Hospital. Close contact was maintained by the VA with
the Personnel Division, Office of the Surgeon General, and physiotherapists
and other qualified personnel were employed by the VA hospitals as the Army
hospitals c¢losed down.

In February 1946, representatives of the Office of the Surgeon General
attended a meeting at the VA at which there was a briefing of the officers of
the VA scheduled to go into the hospitals this organization was taking over.

Final Transfer of Program

The VA assumed control of Vaughan, Birmingham, and Mc¢Guire Gen-
eral Hospitals 31 March 1946 and of Kennedy General Hospital 30 June
1946. Cushing General Hospital passed into VA control 30 September 1946,
By the time Army control of these hospitals ended, almost. all of the ap-
proximately 1,500 patients in 19 Army hospitals in December 1945 had been
brought together into these 5 hospitals.

At the end of December 1946, there were still 53 paraplegics in the Army
hospital system; 28 of these were at Percy Jones General Hospital, Battle
Creek, Mich., and were to remain there until necessary plastic surgery had
been completed. There were 4 each at Brooke (ieneral Hospital, Fort Sam
Houston, Tex., and McCornack General Hospital, PPasadena, Calif., 2 each
at Oliver General Hospital, Augusta, Ga., and Pratt General Hospital, Coral
Gables, Fla., 1 at the Army and Navy General Hospital, Hot Springs, Ark.,
1 at Fitzsimons General IHospital, Denver, Colo.,, and 11 at Walter Reed
General Hospital, Washington, .. These few patients were still receiving
necessary professional care before their final disposition. The transfer of
all the others from the Army hospital system to the VA system had been
effected expeditiously and without interruption of the planned paraplegic
program.

The neurosurgical procedures required by the patients still in Army
hospitals in December 1945 included 33 operations for pain and 61 for muscle
spasm. Of 432 patients who still had decubitus ulcers, 179 would need
surgery. Further treatment to achieve bladder control compatible with the
existing cord lesion was required in 298 patients, and 52 required treatment
for infection, stone, and other urinary tract complications.




CHAPTER 111

The Mediterranean (Formerly North African)
Theater of Operations

Eldridge H. Campbell, Jr., M.D."

INCIDENCE

Detailed information concerning deaths from battle wounds which oc-
curred in Fifth U.S. Army hospitals in Italy during 1944 and 1945 is
available in the 1450 fatalities analyzed in the massive study carried out
by Maj. (later Col.) Howard E. Snyder, MC, and Capt. (later Maj.) James
W. Culbertson, MC.2 This analysis showed that injuries of the spine ac-
counted for 0.94 percent of all battle casualties treated in these hospitals
during this period of time and for 1.9 percent of the 1,450 fatalities. This
i1s in contrast to all wounds of the chest and abdomen, which together ac-
counted for 13.6 percent of all Fifth U.S. Army battle-casualty admissions
and for 52.2 percent of the 1,450 fatalities.

In another survey, Capt. Wolfgang W. Klemperer, MC, found that, in
a series of 115 missile injuries of the spinal cord, injuries of the chest, ab-
domen, or both were present in 19 of 82 injuries of the cervicothoracic cord
and in 11 of 33 injuries of the lumbosacral cord.* Thoracic injuries (18 cases)
predominated in the injuries of the cervicothoracic cord and abdominal or
thoracoabdominal (10 cases) in the injuries of the lumbosacral cord.

The bullet was retained in the spinal canal (figs. 3 and 4) in 4 of a
series of 68 cord injuries studied by Capt. William B. Weary, MC, and in
59 of a (second) series of 201 cases studied by Captain Klemperer. The
apparent discrepancy between the two series is easily explained; most of
Captain Klemperer's cases were observed in forward hospitals before op-
eration and most of Captain Weary’s in rear hospitals after initial surgery.
Paralysis was complete in 27 of the 59 cases in which the missile was re-

1 A consultant in neurosurgery was never formally appointed in the Mediterranean theater.
When the need arose, Dr. Campbel]l, then a lieutenant colonel in the Medical Corps, represented the
consultant in surgery to the Theater Surgeon. Gaps in this chapter are due to this fact; they
could not be overcome because of Dr. Campbell’s death while the history was in preparation.

2 Snyder, Howard E., and Culbertson, James W.: Study of Fifth Army Hospital Battle Casualty
Deaths. An Analysis of Case Reports From Field and Evacuation Hospitals on 1,450 Fatally
Wounded American Soldiers. A Preliminary Report, in three volumes. Gardone Riviera, Italy,
September 1845. [Officlal record.]

3 Kilemperer, W. W.: Statistical Report on Spinal Cord Injuries. M. Bull. North African Theat.
Op. 1: 12-15, March 1944.

19




2() NEUROSURGERY

Frovme 300 Roentgenosrams showing shell fragment wound of spinal

catal with paraplegia. N Anteroposterior view showing irvecular shell
fracment at devel of thivd lambar vertebra, 13 Lateral view showing
shell fracment within daral canal,

tained in Captain. Klemperer’s eases, in comparison with complete paralysis
in 65 of the 101 cases in which the missile was detinitely <tated to have come
to rest outside of the canal. Complete paralvsis was also more frequent in
the 91 thoracie and 47 cervieal injuriex than in injuries of other zones,
There were only 17 Instances of complete paralysix in the 5 Tumbar injuries
and none in the 5 sacral injuries. Variations in relative size, lixation, and
vulnerability of tissues to travwma probably account for these differences,

SURGICAL POLICHES

In the Tunisian campaign of 1912 130 the poliey of management of
injuries of the spine was one of great conservatism,  Thiz attitude. which
was derived  from previons eivilinn experience with <imilar injuries, con-
tinued throughout the Mediterranean enmpaign as far ax fracture-dislocations
of the closed type were coneerned. Tt was, however, considerably Tiberalized
for misstle injuries.  Anatomic disraption of the cord proved extremely
diflicult 1o prediet solely on the basis of nenrologic or roentgenologic exam-
ination.  While the great majority of patients with imumediate and complete
paralyses could be expected to recover little 1f any function after operation,
there were numerous exceptions. For this reason, if the patient’s general
condition were satisfactory and if other high-priovity easnalties with hetter
chinees of recovery were not thereby denied operation, debridement and
laminectomy were perforied even in apparently hopeless cases,

In cenerall there were two reasons for attempting decompression of the
cord: (1) The necessity for debridement of the wound, which wax just as
valid in this vegion as anyvwhere else in the body. and (2) an attempt 1o
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Frovue b Roentzenosratns showing buller swonned of spival canal with

parigdesice A0 Anteroposterior projection showing vitle baller ar devel
of secotdd Tambcer vertehrea, B aterat view <howing ritle bualler within
dieal eanal,

relicve pressure upon the cord. Debridement was vegavded as pavtienlarly
e~=ciitial i the wonnd of entrance or of exit wa= 10 the ek, The daneer
of nlection was not ~o great i the mi==tle had penetrated the =pinal canal
from in front, thoneh etlective reparative sureery was then anneh ore
difficule, Fatlure to delnide or to close wornd= of the Tombar and <acral
areas was alwavs likely o lead 1o complications,

Persistent cardiorespiratory imbalanee was regarded as a0 elear contrea
indication to |:||nilu-¢'ln|n.\'. |l|jl|l'iv~ of the chest and abdonmen and maor
mjuries of the extremitios usnaldly denmnded prioviey of <uraery hecanse they
presented ik to e which the wonnd of the <pine for the moment, did
not. Thoracie injuries carvied a particular hazavd when the respivatory s
cles were weakened or paralvzed. and inoan deast one instanee death i< known
to heve ocenrred from tension |n|l'||n|nl|ml‘:|\ becanse all the attention was
concentrated on the spinal cord njury.

’I.Il" l'("' |'Q"”II\ wele :l"llil'\ "‘! \\I“'“ ‘l"l’lli(ll‘““'“l :|“(I ':“llil“'i'l”“l.\' ('“”[‘l
bhe  performed within 24 hours of wonnding, When concomitant wonnds
were present, o donble major aperation was usuadly more than o recenthy
wonntded casualty conld olerate, and debridement and exploration of the
~pinal wonnd therefore Liad to be deferved il some recovers frone the
tirst procedure had taken place. Tinprovement was the rale if debridenmemn
was done Tor aomisstle wound of the <pinal colimmn which had cansed only
pavtial paralysis partenlorly if there was pressure on the cord or af u
forcicn body had entered the canall Fven partal recovery was most un
n=nal f parabyvsis boed been iamediae and complere,
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DECUBITUS ULCERS

The prevention and treatment of decubitus ulcers in patients with
spinal cord injuries was a serious nursing problem. A paraplegic patient
left without attention for only a few hours inevitably developed pressure
sores. Because of delays in evacuation, many paraplegics arrived at general
hospitals with pressure sores already present. Once they had been hos-
pitalized, the development of decubitus ulcers was the exception, though
the record was achieved only by unremitting care. An instance of what
such good nursing can accomplish is the record of the neurosurgical center
at the 33d General Hospital, in which only one bedsore developed after
admission in approximately 200 paraplegic patients.

MANAGEMENT OF THE CORD BLADDER

Suprapubic cystostomy was found to be the most satisfactory method
of managing the cord bladder when the care of the paraplegic patient had
to be carried out by any but the most experienced personnel. It was also
the most practical method in military hospitals during busy periods.

Tidal drainage was not used during the North African campaign be-
cause materials for it were not available in adequate quantities. Later, it
was found that this method was not practical under military circumstances,
partly because of the risk of leakage of air into the system and partly
because the frequent turning of the patients, which was necessary to prevent
bedsores, entailed constant readjustment of the apparatus and was pro-
hibitively time consuming.

Urologic complications were fortunately uncommon. Sulfadiazine and
penicillin were not employed prophylactically, although many patients re-
ceived sulfadiazine for other reasons. The deliberate use of these agents in
urinary tract complications was reserved for the treatment of acute infections.

HOSPITAL MANAGEMENT

Good nursing care of paraplegic patients proved, as always, to Lo
requisite for optimal convalescence. All departments of the hospital co-
operated in the treatment of paraplegic patients. The genitourinary division
was responsible for the care of suprapubic cystostomies, indwelling catheters,
and bladder irrigations. The orthopedic division made the plaster shells
for immobilization when they were indicated and prepared the splints used
as a preventive or corrective measure in footdrop. Physiotherapists carried
out active and passive exercise to maintain joint function and assisted in
light (infrared) treatment of decubitus ulcers.

Psychotherapy was an important phase of treatment in many cases and
was indirectly aided by the services of American Red Cross aides, who
provided occupational therapy, reading matter, and recreation. The general
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attitude of all who came into contact with the patients was expected to be
one of cheerfulness and optimism.

It was the practice, as far as possible, to make few changes in nurses
and aidmen assigned to paraplegic wards. More nursing hours were required
for patients with these injuries than for any other patients in the hospital.
Because of the general use of catheters, however, the amount of linen used
was actually less than on the acute surgical wards, on which patients were
frequently incontinent of both urine and feces.

EVACUATION

Evacuation from the point of wounding to the forward hospital was
found to entail certain hazards in missile wounds of the spinal column,
though these were possibly not as great as in closed injuries, in which loss
of bony stability was sometimes considerable. Immobilization of an injured
part, which was often necessary, had to be carried out with the greatest care.
If local pressure and ischemia were permitted to last more than a very few
hours, the basis of the development of bedsores could be laid quite as well
in this period as in any later period. Since plaster and splints were im-
practical at the division level, paraplegic patients were usually transported
on well-padded litters, braced by folded blankets and straps. Attempts at
extension, even by experienced surgeons, were not recommended until the
forward hospital was reached.

Evacuation from the base hospital to the Zone of Interior was also
fraught with hazard. Nursing care was frequently inadequate during long
journeys, and unpredictable delays might impose a great burden on the skin
or the bladder.

If paralysis was complete, and particularly if the cord injury was high,
patients seemed to travel more comfortably in well-made plaster halfshells.
They felt more secure, and, if the shells were properly molded and ade-
quately padded, pressure was evenly distributed and pressure sores were
unlikely to develop. Plaster body casts were not advisable, if only because
they prevented inspection and care of the skin. If a plaster shell was used,
it was neither necessary nor desirable to keep the upper half in situ.

It was found to be a wise plan to instruct each patient, before departure,
concerning his own needs and particularly concerning the intervals at which
he should be turned, so that, if the precaution was omitted by the attendants,
he could make the necessity known.

498091 —39—4¢




CHAPTER 1V

The European Theater of Operations

R. Glen Spurling, M.D.

SURGICAL POLICIES

Injuries to the spinal cord accounted for a considerably greater number
of neurosurgical casualties® in the European theater than had been antici-
pated, some 12 percent in all. About half of the injuries were gunshot
wounds. In the other cases, spinal cord damage resulted from fractures or
fracture-dislocations of the vertebrae, some of which were caused by traffic
accidents. These injuries required a much greater proportion of the neuro-
surgeon’s time and effort than the percentage might suggest. In about half
of all combat-incurred injuries, severe associated injuries, particularly wounds
of the chest and abdomen, made the care of these patients doubly difficult.

Neurosurgeons, at least early in the fighting in the European theater,
were not in agreement about the value of surgical exploration of spinal cord
injuries. The dictum that very few injuries of the spine in which the cord
was involved would be improved by operation had been carried over from
civilian practice into military practice, and for a time it seriously handi-
capped military neurosurgeons. As a matter of fact, the attempt to correlate
the two types of injuries was as fallacious as it was misleading. The
“broken back” of civilian practice is usually a lesion which affects the
vertebral body primarily (figs. 5 and 6). The major lesion in a gunshot
wound of the spine was likely to be in the vertebral arches (figs. 7 and 8).

Paraplegia proved the most distressing of all military neurosurgical
conditions and the most difficult to benefit. It was fully realized that in
only a very small proportion of these cases could surgery improve the
patient’s lot, but it was also realized, with equal clarity, that in an occa-
sional case, particularly the type of case in which the bony injury was lim-
ited to the vertebral arches, debridement of the spinal canal might occa-
sionally result in dramatic improvement.

The policy was therefore formulated before D-day in the European
theater and was disseminated to all neurosurgeons that, whenever there was
reasonable doubt concerning the complete destruction of the spinal cord,
the patient should have the benefit of prompt exploration, particularly if

1 Neurosurgical conditions were defined early in World War II as surgical leslons of the brain,
spinal cord, peripheral nerves, and sympathetic nervous system.

25




26 NEUROSRURGERY

Ficukre 5. - Fracture-distocation of fifth cervicil vertebira on sixth in
aceident involving military vehicle. A, Prereduction roentgenogran,
B. Roentgenogram after reduction and fusion.

Frovee 6. Lateral roentgenogram
showing mild crush fracture of thivd
lumbar  vertebra  with  parvaparesis,
The injury was sustained during a
Jump from o military vehicle under
enemy fire,  This illustration, like fig-
ure D, is typical of the so-called civil-
i type vertebral injury  seen  in
military personnel,

there was evidence of subarachnoid block by the Queckenstedt test.  Opera-
tion was to be done under loeal analgesia, on the litter on which the patient
had been transported, unless circumstances made it imperative to move him.
The dura was not to be opened in the absence of definite indieations,

Reports of 1,260 battle-incurred wounds of the spinal cord (table 2)
made to the Senior Consultant in Neurosurgery, Office of the Chief Surgeon,
by 25 neurosurgeons in the European theater showed that operation was
performed in 479 (38 percent). Most of these operations were performed
at the level of the evacuation hospital on the Continent or in general hospitals
in the United Kingdom. Whenever possible, the operation was done in 2
general hospital.

In about 15 percent of all patients operated on, according to these re-
ports, the plan of management just outlined resulted in striking improvement
within 48 hours after operation.  Other benefits were also accomplished.
Spinal fluid leaks were eliminated by closure of defects in the dura. Root
pain was eliminated by the removal of hony chips and foreign bodies about
the posterior nerve roots. Another advantage was that the prognosis in the
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F1aure 7.——~Roentgenogram showing large shell frag-
ment wound of cauda equina, with disruption of lat-
eral components of fourth and fifth lumbar vertebrae.
This injury was associated with a major abdominal
injury.

F1eURE 8.—Roentgenograms showing traversing shell fragment wound
of spinal canal. A. Anterior projection. B. Lateral view of same wound
showing fragmentation of vertebral body.

individual case could be made with greater certainty after inspection of the
anatomic damage to the spinal cord.

Manual of Therapy.—Instructions concerning fractures of the spine with
neurologic involvement, as given in the Manual of Therapy,?2 which was
prepared in the European theater before D-day, were chiefly concerned with
diagnosis of the injury and with the prevention of further trauma. High
priority of transportation to evacuation or general hospitals was indicated.

3 Manual of Therapy, Office of the Chief Surgeon, European Thenter of Operations, U.8. Army,
5 May 1944. Appropriate sections published in Medical Department, United States Army Surgery
in World War 11, Neurosurgery, Volume 1. Washington: U.S. Government Printing Office, 1958,

appendix B, p. 403,
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When the manual was revised at the close of the active campaign in
Europe, it was found that the only major changes necessary in the neuro-
surgical section concerned the transportation and care of paraplegics. Their
entire management had become considerably more aggressive.

TRANSPORTATION

Originally, a choice was permitted in the method of transporting patients
with spinal injuries in the thoracic and lumbar regions, either the recumbent
or the prone position being used. Experience promptly showed that the
prone or semiprone position was far superior to the supine position. It
eliminated the necessity for a cast. The patient traveled more comfortably.
Finally, there was less chance of the development of decubitus ulcers. The
prone position was therefore used routinely during the closing months of
the fighting in Kurope unless an associated thoracic or abdominal wound
contraindicated it.

When the needs of paraplegic patients were realized, air mattresses were
authorized for immediate delivery to all general hospitals in which such
care was given, and their addition to the permanent table of basic allow-
ances for all 1,000-bed hospitals was also recommended. Approval was
obtained from the Theater Chief Surgeon for placing air mattresses, suitably
sized to fit army field cots, field ambulances, hospital trains, and air am-
bulances in all field and evacuation hospitals. Recommendations concerning
these mattresses were forwarded to Lt. Col. (later Col.) Augustus Crisler,
MC, Chief Consultant in Surgery, First U.S. Army, who was enthusiastic
in his support of the project. High priority for the procurement of these
mattresses in suitable numbers was obtained from Col. (later Maj. Gen.)
S. B. Hays, MC, Chief, Medical Supply, Office of the Chief Surgeon, Head-
quarters, European theater, and they proved extremely useful.

It was recommended that all hospitals designated for the care of neuro-
surgical patients order from the nearest supply depot an operating table
pad (item 7162800) for every patient with transverse myelitis and that an
adequate supply of these pads be kept on hand to meet these calls. These
pads fitted the army stretcher and facilitated the evacuation of paraplegic
patients to the Zone of Interior after they were made available.

Patients were usually transported with indwelling catheters, with clamps.
The attendants who accompanied them were instructed to open the clamps
and drain off the urine every 2 hours.

DECUBITUS ULCERS

Decubitus ulcers occurred in some paraplegics in spite of every effort to
prevent them. Preventive measures included strict local cleanliness, turning
of the patients at regular intervals, maintenance of a high-protein intake,
and systemic chemotherapy and antibiotic therapy. When ulcers developed,
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these same measures were useful. The experience with applications of
plasma locally was not encouraging. Every effort was made to get these
patients into condition for evacuation, so that skin grafting could be ac-
complished in Zone of Interior hospitals. Most patients were ready for
evacuation within 90 days after wounding.

THE CORD BLADDER

It was originally believed that the cord bladder could be handled suc-
cessfully by tidal drainage through an indwelling urethral catheter for a
period of 4 or 5 weeks. Experience proved that this method, which required
a great deal of care and attention, was not suitable for use in wartime on busy
wards filled with paraplegic patients. During the latter half of the European
campaign, therefore, high suprapubic cystostomy was resorted to at once in
all patients with complete physiologic loss of cord function. It was con-
stantly stressed, however, that even though tidal drainage had proved im-
practical in the immediate postwounding period, this was because of the
circumstances and not because of any inherent defect in the method. Tidal
drainage was a very valuable and entirely practical method later, because
it helped to maintain bladder capacity after the wound had contracted
around the suprapubic tube.

In a series of 100 paraplegics observed at one Army hospital in the
European theater between D-day and 30 November 1944, tidal drainage was
used in 65 cases. On an average of 20 days, 31 patients had had a retu